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Although LORENZ (1939) stressed the correlation between a silhouette's relative speed (i.e. speed measured in silhouette lengths) and the reaction that it elicited, the appeal of the "short-neck hypothesis" led to its wide acceptance in explaining how birds recognize the raptor shape (e.g. TINBERGEN, 1939) . Experience of test subjects to naturally-occurring birds, however, was not well-controlled in these early experiments. SCHLEIDT (1961) addressed the issues of experience, silhouette shape, and silhouette relative speed in a comprehensive study with experienced and inexperienced turkey hens. He showed that the relative rarity with which a silhouette was presented determined the level of response observed: infrequent silhouettes elicited the strongest responses, regardless of neck length. The stronger responses shown by some birds to the hawk shape in prior experiments therefore was interpreted as a result of subjects' greater exposure (i.e. habituation) to long-necked than to short-necked silhouettes in nature.
To date, experimental research into raptor/non-raptor flight silhouette discrimination has been limited to a few species of birds as test subjects. Also, whereas many species emit vocalizations in response to avian stimuli perceived as threatening, only a few studies have used antiraptor calls as a measure of such perception (e.g. LORENZ, 1939; SCHLEIDT,
1961).
Ringtailed lemurs possess two types of antiraptor calls that are elicited only by aerial/avian stimuli. The "rasp" (Fig. la-c) is a relatively lowamplitude but highly-localizable vocalization that typically is elicited by raptors outside of immediate attack range. The rasp's apparent function is to inform nearby group members of a raptor's presence without attracting the predator's attention. In contrast, the "shriek" (Fig. le, f) is a high-amplitude call that is given when raptors are near enough to make escaping their detection unlikely. Shrieks often are emitted synchronously by several group members, and seem to function to broadcast detection of a nearby raptor to group members as well to inform the predator that is has been seen.
Here we report the results of an experimental investigation of raptor/nonraptor visual discrimination in semi-captive ringtailed lemurs (Lemur catta). Because the study group's long tenure in a forested environment (approximately seven years) had exposed its members to many kinds of brids, our work cannot address any potentially innate capacity for recognition of the raptor shape. Rather, we investigated the lemurs' abilities to classify overhead silhouettes as potentially threatening or not The silhouettes were presented on horizontal flight path runs constructed at three sites visited frequently by Lcl Group (Fig. 3) . For each run, a length of 1.6 mm aircraft cable was strung between two trees above a platform (0.9 x 1.2 m) affixed to each tree (platform height: median = 8.7 m; range = 8.0 m-9.5 m; n = 6). The tops of the platforms also were painted black to reduce visibility of the silhouettes from above. When a cord attached to the front of a silhouette was pulled downward two pulleys on the cable transported the silhouette between platforms (Fig. 4) . This mode of operation made it difficult to control precisely silhouette flight speed. Therefore, potential effects of relative flight speed on responses were addressed statistically.
The "test arena" for each apparatus was defined in length by the trees supporting the run and in width by other natural objects (e.g. trees or logs; # 1: 18.9 m x 13.8 m; #: 15.2 mx 8.8 m; #3: 18.3 mx 14.6 m). Silhouettes readied for presentation rested 2-3 cm above their platforms and could not be seen from the ground.
Thirty-five trials were conducted between late November, 1987 and early May, 1988 with a median interval between trials of three days (range = 1-23 days). Trials were ordered to minimize repetition of silhouette shape, size, and direction of presentation. Recent ranging patterns of the lemurs dictated to some extent where a trial would be carried out on a given day. Trials were conducted 10 to 15 minutes after a subgroup of Lcl Group had settled in a test arena and was unaccompanied by another lemur species. All subjects were required to be on the ground. Impending trials were aborted if an antipredator call was emitted, a large bird was sighted by the group, or some other notable disturbance occurred beforehand. Following a trial the presented silhouette was replaced with a different one after all subjects had vacated the area.
Recording and analysis of vocalizations.
Audio recordings during trials were made with a Sony TC-D5M cassette recorder onto TDK-ADX recording tape using a highly-directional Sennheiser ME-88 microphone. The frequency response of this equipment is linear between 50 Hz and 15 kHz. All trials were video taped with a Panasonic PK-958 video camera and PV-4500 recorder. Durations of antiraptor calls (Fig. 1) were measured on a Uniscan II real-time audio spectrum analyzer (Unigon Industries) at a time resolution of 6.5 ms. Low-amplitude sounds of the silhouettes leaving one platform and arriving at the other allowed flight durations also to measured.
As in other studies of antipredator calls (e.g. OWINGS et al., 1986) callers could not always be identified. Therefore, the calls themselves (cf individual subjects) comprise our The only shape whose large and small sizes elicited significantly different responses was that of the stylized hawk. The large hawk elicited both significantly more calling per trial (n1 = 5, n2 = 5, U = 0, p< .01) and longer individual call durations (nl = 44, n2 = 10, Z = -3.25, p< .01) than did the small hawk. Differences in total calling per trial were not significant between any pairs of the small silhouettes, but differed among the large silhouettes between the hawk shapes and the square shape (Fig.   5) .
Individual calls did not differ significantly in duration between the two large hawk shapes, but both hawk shapes elicited significantly longer calls than did the large goose shape and the large square shape (Fig. 6a) . Call durations did not differ, however, between the large hawk shapes and the diamond shape. Similarly, the large goose shape elicited significantly longer calls than the large square but not the large diamond shape. The small hawk shape elicited significantly longer individual calls than did the small square shape (Fig. 6b) . No other comparisons of individual call durations among the small silhouettes were significant, although the goose shape typically elicited longer calls than the square shape. All non-experimental stimuli that elicited antiraptor calls from adult lemurs (excluding low-flying helicopters: see below) were birds hawksized or larger (Fig. 7a) . On the occasions (n = 7) where birds smaller than hawks elicited antiraptor calls from immatures (Fig. 7b) 
Discussion
Comparisons of individual call durations elicited by the large silhouettes suggest that (a) the realistic and stylized hawk shapes were perceived as equally threatening, (b) the hawk shapes were perceived as more threatening than the goose shape, and (c) the bird shapes were perceived as more threatening than the square, but not the diamond shape. Because total calling per trial was consistently low among the small shapes it appears that these silhouettes were perceived as relatively harmless overall. The fact that the only significant comparison among the small silhouettes involved the hawk shape suggests that the variables of size and shape are additive in their effect on antipredator calling. Because large aerial objects warrant more initial caution than small ones they may elicit more calling in general and may stimulate more calling "mistakes" (e.g. SEYFARTH & CHENEY, 1980 . This study has shown that, given sufficient raptor-like attributes, an aerial silhouette can elicit antiraptor calling even when small. It appears also that, regardless of its size, a square shape simply lacks too many raptor-like attributes to be classified as threatening by ringtailed lemurs. In contrast, the large diamond shape, with its relatively short and pointed leading edge, was perceived as raptor-like by at least some of the study subjects.
It could be argued, however, that the square shape elicited less calling per trial than when oriented as a diamond because of its shorter length and width (60 cm) relative to its path of motion (as diamond: 85 cm). This seems unlikely, given that small hawk, goose, and diamond silhouettes (dimensions in Table I ) elicited more calling than did the large square.
SCHNEIRLA (1959) proposed that the differential responses of some bird species to hawk and goose shapes could be caused by different rates of change in retinal stimulation when viewing the two shapes: the hawk shape produces a more abrupt darkening of the visual field than does the goose shape. However, GREEN et al. (1968) found for mallards that neckless hawk and goose silhouettes, which produced very abrupt retinal darkening, did not elicit responses as great as those elicited by an unaltered hawk silhouette. Likewise, although our square silhouette produced a more abrupt rate of darkening across the retinas of the ringtailed lemurs than did the diamond shape, the responses to the "less abrupt" diamond shape were far greater than those elicited by the square. The results of these studies indicate that retinal stimulation "abruptness" is not the means whereby hawk and goose shapes are discriminated. Nevertheless, recognition of the raptor shape still must result from some particular pattern of retinal stimulation even if beyond that of abrupt retinal darkening.
It also could be argued that, because eagles are absent from mainland unlikely to be generally applicable: animals should respond to all types of predators that pose a threat to them regardless of the frequency with which each type is encountered. Actually, these two views are not incompatible. In ecological terms, raptors and other large carnivores are relatively rare because the energy available to consumers decreases with increasing trophic level. Carnivores therefore must be less common than herbivores. All else being equal, this could provide a basic means for animals to discriminate between potential predators and non-predators. On the other hand, a smaller, more common predator species might pose a greater threat to potential prey by virtue of sheer numbers than would a larger, more rare predator species.
Helicopters were the rarest of low-flying aircraft at the DUPC and were the only aircraft to elicit antiraptor calls from the study group. This finding supports SCHLEIDT'S (1961) hypothesis. Why the large square silhouette did not evoke comparable antiraptor calling may be that (a) the additive effects of size and shape were not great enough for the square to be viewed as threatening, and/or (b) a completely novel stimulus may be perceived differently from one that simply is rare (i.e. hawk silhouettes were seen by the study group outside of experimental intervention). These issues currently are being investigated in the auditory mode by quantifying antiraptor responses of Lcl Group to playbacks of acoustically-modified and unmodified raptor and non-raptor vocalizations.
Summary
Visual assessment of avian stimuli as threatening or non-threatening was investigated experimentally in semi-captive, forest-living ringtailed lemurs (Lemur catta). Subjects were presented silhouettes of different sizes and shapes on overhead runs. Antiraptor calls elicited by the silhouettes were recorded and quantified. Realistic and stylized hawk shapes elicited more total calling per trial than did a square shape. Large hawk shapes elicited longer individual calls than a large goose shape, and all bird shapes elicited longer calls than did a square but not a diamond shape. We suggest the observed response patterns reflect a differential in perceived avian threat and that they support an ecologicallyoriented view of the "short neck" interpretation for raptor shape recognition.
